We use Baker, Bloom, and Davis's (2016) economic policy uncertainty indices in combination with the mixed data sampling (MIDAS) approach to investigate long-run stock market volatility and correlation, primarily for the US and UK. Long-run US-UK stock market correlation depends positively on US economic policy uncertainty shocks. The dependence is asymmetric, with only positive shocks -increasing uncertainty -being of importance. The US long-run stock market volatility depends significantly on US economic policy uncertainty shocks but not on UK shocks, while the UK long-run stock market volatility depends significantly on both. Allowing for US economic policy uncertainty shocks improves the outof-sample forecasting of US-UK stock market correlation and enhances portfolio performance.
Introduction
The time variation in the correlation of international stock markets has been investigated in prominent papers such as Longin and Solnik (1995) . We continue this research by scrutinizing long-run stock market volatility and correlation. In particular, we examine the effects of economic policy uncertainty (EPU) shocks on long-run stock market volatility and correlation.
The main analysis is concerned with the US and UK stock markets.
We use Baker, Bloom, and Davis's (2016) EPU indices, which quantify newspaper coverage of policy-related economic uncertainty to obtain country-specific (US and UK) EPU shocks.
We build on a growing line of research applying these EPU indices, especially those of the US.
There is theoretical and empirical evidence that EPU affects stock returns and volatility. For instance, Pástor and Veronesi (2012) show theoretically that EPU is related to stock market volatility, correlation, and jumps. Pástor and Veronesi (2013) find that individual US stock returns are more volatile and that pairwise US stock returns are more correlated when EPU is higher. Brogaard and Detzel (2015) find that EPU forecasts stock market returns and that EPU shocks earn a negative risk premium. Recently, Kelly, Pástor, and Veronesi (2016) show that EPU also plays a role in the pricing of stock options. Scheffel (2016) shows that EPU shocks have important effects on various economic variables. Fang, Yu, and Li (2017) use the EPU index to predict US stock-bond correlation. Fang, Chen, Yu, and Qian (2017) use the EPU shocks to predict gold futures volatility.
Our paper is also related to the strand of the literature investigating the effects of countryspecific and US economic news on international asset prices. Becker, Finnerty, and Friedman (1995) find that UK stock market volatility reacts significantly to releases of US public information. Albuquerque and Vega (2008) find that US economic news affect the Portuguese stock market while the effect becomes weaker when controlling for US stock returns. 4 Wongswan (2006) studies the effect of important macroeconomic announcements from the US and Japan on the Korean and Thai stock markets and documents a significant effect of developed-economy macroeconomic announcements on emerging-economy stock volatility and trading volume.
Based on previous research, we expect that EPU shocks are of importance for international stock market correlation. We analyze the impact of EPU shocks on long-run volatility and correlation. We focus on the long-run effects of EPU shocks, because Barrero, Bloom, and Wright (2017) show that EPU is mainly important for long-run uncertainty and Davis (2017) finds a larger correlation between VIX and EPU for longer horizons than for shorter horizons.
We apply Ghysels, Santa-Clara, and Valkanov's (2005) mixed data sampling (MIDAS) framework to combine daily stock returns with monthly EPU shocks. In particular, we use the bivariate dynamic constant correlation (DCC-MIDAS) specification of Colacito, Engle, and Ghysels (2011) . This approach allows us to concentrate on the long-run behavior of the volatility and correlation. To the best of our knowledge, this paper is the first attempt to analyze how the long-run volatility and correlation of different equity markets are influenced by economic policy uncertainty.
Our main analysis concentrates on the US and UK stock markets. We find that US long-run volatility depends positively and significantly on US EPU shocks. UK long-run volatility depends significantly on both US and UK EPU shocks, and the magnitude of the influence from US shocks is greater than from UK shocks. Similarly, long-run US-UK correlation depends significantly on US EPU shocks, but not on UK shocks, once we account both countries' EPU shocks. We also show that the importance of the US EPU shocks for the longrun US-UK correlation reflects a contagion effect from the US to the UK rather than US importance for the global economy, in general. Our study of 10 categorical US EPU indices show that news about regulation, taxes, and fiscal policy are more important than other news 5 types for long-run stock market volatility and correlation. The empirical findings on the importance of US EPU shocks also apply to alternative countries such as Canada, China, and Germany.
The out-of-sample analysis shows that the DCC-MIDAS model with US EPU shocks provides a significantly better prediction of US-UK stock market correlation compared to both a random-walk and a DCC-MIDAS model based on realized correlation. Engle and Colacito's (2006) test confirms the benefits of using US EPU shocks for portfolio selection.
We also contribute to the literature by extending the univariate GARCH-MIDAS and the multivariate DCC-MIDAS models to include asymmetry. The new framework allows us to investigate the asymmetric impact of positive and negative EPU shocks on long-run volatility and correlation. US and UK long-run stock market volatilities display only weak signs of asymmetry. Only positive EPU shocks from the US are significant for long-run US-UK stock market correlation. Neither negative US EPU shocks nor UK EPU shocks are significant. Thus, increasing US uncertainty implies an increasing long-run correlation.
The remainder of the paper is structured as follows. First, we introduce the data in Section 2, followed by the econometric framework in Section 3. In Section 4, we discuss the empirical results before concluding in Section 5.
Data
The main part of the analysis is concerned with the US and UK stock markets. The sample period is from January 1997 to April 2016 with the beginning determined by the availability of the EPU index for the UK. For the US stock market, we use the S&P500 total return index and for the UK stock market, we use the FTSE100 total return index. To get synchronized daily observations from both markets, we use the last transaction price at 15:00 GMT to ensure that 6 both markets are open. The intraday transaction prices are collected from Thomson Reuters' SIRCA database.
The monthly news-based EPU indices for the US and the UK are freely available from Baker, Bloom, and Davis (2016) . The indices quantify newspaper coverage of policy-related economic uncertainty. We use log first differences of the EPU indices as these reflect EPU shocks (cf. Li, Zhang, and Gao, 2015) . The US and UK EPU shocks truly measure different types of shocks as their correlation coefficient only amounts to 0.60 and it is even lower for the EPU indices (0.32).
Econometric Methodology
We use Colacito, Engle, and Ghysels's (2011) two-step DCC-MIDAS model, extended to allow for exogenous variables (the EPU shocks) influencing the long-run volatility and correlation as in Asgharian, Christiansen, and Hou (2016) and Fang, Yu, and Li (2017) . In addition, we extend the DCC-MIDAS model to allow for asymmetries in the effects from positive and negative EPU shocks. The estimation is done similarly to Asgharian, Christiansen, and Hou (2016) . The first step consists of separately estimating the GARCH-MIDAS models for the US and UK stock returns using all daily observations in the sample, where the subscripts denote day i = 1, …, Nt in month t:
,~( 0,1).
The total variance, , 2 , is separated into short-run, , , and long-run, components, such that , 2 = , . A GARCH (1,1) process describes the short-run component:
where α > 0 and β ≥ 0, α + β < 1. We denote the EPU shocks (log first differences of the EPU 
The parameters θUS and θUK measure the effects of the US and UK EPU shocks on the longrun volatility. The weighting scheme used in equation (3) is described by a beta lag polynomial:
with 1 = 1 to ensure that higher weights are given to the most recent observations.
In the second step, we estimate the DCC-MIDAS specification for US-UK stock market correlation using the standardized residuals ( US, , and UK, , ) from the first step.
, is the short-run correlation, ̅ is a slowly moving long-run correlation, and K is the numbers of lags/periods over which we smooth the covariance or the EPU. Aiming at a fast convergence in the estimation while using as little data as possible for calculating lags, we set K=60. γUS and γUK measure the effects of the US and UK EPU shocks on the long-run correlations, and US, and UK, are the corresponding weighting schemes, defined in equation 
This means that the positive EPU shock is equal to the EPU shock itself when it is positive and zero it is negative.
The negative EPU shock is defined vice versa. The long-run components of the variances and correlation in equations (3) and (5), respectively are then replaced by the following equations:
Results and Analyses
In this section, we first discuss US and UK long-run volatility and then their long-run correlation, including the world market's effect on these. We then discuss the asymmetric responses to EPU shocks and compare all the models' out-of-sample performance. We end by considering shocks from categorical EPU indices as well as alternative stock markets than the UK. also affect realized moments and using both in the same model may only capture the effect of EPU on the long run variance after eliminating its effect on the past realized variances.
Long-Run Volatility
Therefore, we would not be able to assess the total effect of EPU shocks. The same applies to the correlation specification.
Based on the BIC, Model 2 is preferable for the US variance. For the UK variance, all models are very similar with respect to the BIS. This suggests a high correlation between EPU shocks and realized variances.
In Model 1, the coefficients of the realized volatility are positive and significant for both the long-run US and UK volatility, which is in accordance with previous studies (see, e.g., Engle, Ghysels, and Sohn, 2013; Asgharian, Christiansen, and Hou, 2015) . In the other models, the long-run US volatility depends positively and significantly on US EPU shocks such that larger economic uncertainty accompanies greater long-run US volatility. UK EPU shocks have no influence on long-run US volatility as UK is insignificant. When both the US and UK EPU shocks are included, only the US EPU shock has a significant impact on long-run US volatility.
Long-run UK volatility depends strongly on the UK EPU shocks, but it also depends positively on the US EPU shocks. When we consider US and UK EPU shocks jointly, they are both significant for explaining long-run UK stock volatility, although the US EPU shocks have a 10 larger coefficient in the US volatility. This is most likely due to the strong correlation between the US and UK markets, but it could indicate that the measure of economic uncertainty is more precise for the US than for the UK. Table 2 shows the results for the correlation models. shocks. When we account jointly for the US and UK EPU shocks, only the US shocks remain significant. For the long-run correlation, essentially the state of the US economy is important.
Long-Run Correlation
Panel C of Figure 1 shows the long-run correlation for the various EPU specifications. The long-run correlation follows the same pattern as the long-run volatility components. It is very smooth when including realized correlation, flattest with only UK EPU shocks, followed by only US EPU shocks. The variability is strongest when accounting for both US and UK economic uncertainty shocks. In general, the correlation is higher in periods with higher uncertainty (see Figure 2 ).
Effects of World Market
US EPU shocks are supposedly informative for the global economy. Therefore, the significance of the US EPU shocks for the long-run US-UK correlation may simply reflect the importance of US EPU shocks for the global economy, rather than reflecting its direct effects on the UK stock market. To investigate this possibility further, we modify the DCC-MIDAS model to include the world index (excluding the UK) in the mean equation for the UK stock returns.
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The purpose is to eliminate the co-movement of the UK with the world market, thereby isolating the importance of US EPU shocks for the UK stock market. Since, the US stock market's impact on the world market is significant, we make the world market orthogonal to the US stock returns using the residuals from a regression of the world index on the US returns, denoted , OW . More specifically, the mean in equation (1) is modified as
12
The results of estimating the modified specification (Model 4*) are reported in Table 2 (we only show the correlation results). Despite a small decrease in its value, US remains highly significant. This shows that the impact of US EPU shocks on the long-run US-UK correlation is not caused by global effects. Table 3 shows the results from estimating the asymmetric volatility specification that includes both US and UK EPU shocks (Model 5). For the US volatility, the positive and negative US EPU shocks are both significant and the effects are positive and of similar size. The positive and negative UK EPU shocks are not significant. The EPU shocks appear not to affect the US volatility asymmetrically and the BIC also indicates that the asymmetric GARCH-MIDAS model is not preferable to the corresponding symmetric model (Model 4). For the UK volatility, the asymmetric model shows that only the positive US EPU shocks are significant. However, based on the BIC, the asymmetric version does not outperform symmetric models. Overall, the long-run volatilities show only weak signs of asymmetry with respect to EPU shocks. Figure 3 shows the long-run component of the volatility in the asymmetric model and for comparison for Models 4 (symmetric) and 1 (realized variance). The long-run volatility component for the asymmetric and symmetric model appear to follow each other fairly closely, while that of the realized variance model is far more erratic. Table 4 shows the results from estimating the asymmetric correlation specification (Model 5).
Asymmetric Specifications
According to the BIC, the asymmetric version is preferable to the symmetric specification.
Only positive US EPU shocks have a significant impact on the long-run correlation. Neither negative US EPU shocks nor any of the UK shocks are significant. Therefore, the reason why the long-run US-UK stock market correlation depends on the US EPU shocks is due to positive US EPU shocks. Our results show that only increasing (and not decreasing) uncertainty 13 increases long-run US-UK stock market correlation. Figure 3 shows the components of the long-run correlation in the asymmetric model as well as for Models 4 (symmetric) and 1 (realized correlation). Similar, to the long-run volatility component, the long-run correlation component is fairly similar for the symmetric and asymmetric model, whereas that from the realized correlation model is much more erratic.
Out-of-Sample Forecasting
We conduct out-of-sample forecasting of the long-run variances and correlation using a 10-year rolling window for the parameter estimates. The first in-sample period is from 1999 to
2008. The out-of-sample forecasting period is, therefore, 2009 to 2016. In addition to Models 1 to 5, we use the random-walk model, i.e. the lagged realized variances and correlation.
In the top part of Table 5, In the bottom part of Table 5 , we report the results from univariate regressions of realized variances and correlation on their predictions. For accurate models, the intercept should be close to zero and the slope close to one. For the variances, the conclusions are mixed, in that none of the models are best in this sense for both countries. For the correlation, the picture is 14 clear: For Models 2 and 5 the intercept and slope are not significantly different from zero and one, respectively.
Based on the results above we conclude that, the DCC-MIDAS model with only the US EPU shocks (Model 2) and the asymmetric specification (Model 5) perform best for the out-ofsample forecasting of the correlation between UK and US stock returns. In contrast, it is difficult to find a best-performing model for variance predictions. Therefore, we perform the Engle and Colacito (2006) test to obtain an overall assessment of the models' out-of-sample
forecast ability. Table 6 shows the results from conducting the Engle and Colacito (2006) 
Categorical EPU shocks
We analyze shocks from 10 categorical EPU indices, also available from Baker, Bloom, and We base the analysis on Model 2, where we only consider the effects from US EPU shocks. Table 7 shows the results from estimating the GARCH-MIDAS models for the US and UK volatility. The parameter estimates do not vary a lot across the models and with one exception the effects of all the categorical EPU shocks on volatility are significant. Table 8 shows the results from estimating the DCC-MIDAS model for the US-UK correlation. Again, the parameter estimates do not vary a lot across models. So, in this sense our results are consistent with the previous research, that the effects from categorical and aggregate EPU are similar.
To compare the importance of the various categorical EPU indices further, in Figure 4 we compare the BIC for each of the estimated models. The three most important (smallest BIC) categorical shocks are regulation, taxes, and fiscal policy. Sovereign currency crisis, that covers news on non-US sovereign debt and currency crises, has the largest BIC values for both volatilities and correlation. The ordering of the BIC values across categorical EPU indices is almost identical for US volatility, UK volatility, and US-UK correlation. Interestingly, the 16 much-studied monetary policy uncertainty index has a fairly high BIC and thus appears to be of less importance.
Alternative Stock Markets
In order to investigate if the importance of US EPU shocks is special to the relationship between the US and UK stock markets, we look into three alternative stock markets and their relation to the US stock market. In particular, we investigate Canada (representing another large North American stock market), China (representing a large emerging stock market), and Germany (representing a large euro area stock market). We use the daily total return stock market indices in local currency of the Toronto stock exchange composite index, the Shanghai composite index, and the DAX 30 index (all available from Thomson Reuters Datastream). Table 9 shows the results of estimating the GARCH-MIDAS model for the variances for all the countries using Model 4 with both US and own country EPU shocks. For convenience, we repeat the US and UK results. For Canada and Germany the US EPU shocks have significant influence on the long-run volatility which is similar to the UK. Their own country EPU shocks are not significant which is different from the UK. For China neither of the EPU shocks are significant for the long-run variances. Table 10 shows the results from estimating the DCC-MIDAS model for the US and each of the other countries (Canada, China, Germany, and the UK). The results for the alternative countries are very similar to those for the UK, namely that the US EPU shocks are significant for the long-run stock market correlations and the other country's EPU shocks are not significant.
Overall, the empirical findings on the importance of US EPU shocks are not special to the relationship between the US and the UK stock markets but also apply to the relationship between the US and other types of stock markets.
Conclusion
We investigate the importance of economic policy uncertainty (EPU) shocks for long-run US and UK stock market movements. We use the MIDAS framework on daily stock returns and monthly EPU shocks to decompose the volatility and correlation into long-run and short-run components. We also extend the DCC-MIDAS model to allow for asymmetry. The US longrun stock market volatility depends significantly on its own EPU shocks, while the UK longrun stock market volatility depends significantly on both countries' EPU shocks. The long-run US-UK stock market correlation is strongly and positively related to the US EPU shocks. This effect is not caused by general world-market effects. The long-run volatilities show only weak evidence of asymmetry. In particular, positive US EPU shocks are important. So, increasing uncertainty increases the long-run US-UK stock market correlation. Overall, the results suggest that UK investors need mainly to be concerned with US policy uncertainty, even when investing in a domestic stock portfolio. We also conduct out-of-sample forecasting that underscores the importance of US EPU shocks for forecasting the long-run US-UK stock market correlation. Finally, our study of categorical US EPU indices indicates that regulation, taxes, and fiscal policy are more important than the other EPU indices for long-run stock market volatility and correlation. The empirical findings on the importance of US EPU shocks also apply to alternative countries such as Canada, China, and Germany. -11210
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